Objectives: We evaluated a novel syndromic surveillance query, developed by the Council of State and Territorial Epidemiologists (CSTE) Heat Syndrome Workgroup, for identifying heat-related illness cases in near real time, using emergency department and inpatient hospital data from Maricopa County, Arizona, in 2015.
diseases. 1, [10] [11] [12] In the United States, the burden of heat-related illness has been substantial: emergency departments treated an average of 65 299 patients for acute heat-related illness each summer from 2006 through 2010. 13 Because most US health departments do not mandate heat-related illness reporting, the burden of extreme heat on a community can be difficult to monitor, especially when resources are limited. 14 To estimate the number of hospital visits for heat-related illness, epidemiologists have typically relied on relevant International Classification of Diseases, Clinical Modification (ICD-CM) codes in hospital discharge data. 13, 14 This method provides a reliable retrospective estimate of disease burden. However, because of a lag of several months to a year before hospital discharge data become available for analysis, it does not allow for real-time situational awareness.
As an alternative, epidemiologists can filter through more timely data provided through syndromic surveillance systems. Syndromic surveillance data sets usually include key demographic characteristics and health information obtained from medical records; however, they do not always provide the full context of patient visits, and some of the information may change as updates are made to the record over time. Nevertheless, depending on data use agreements, public health agencies can use heat-related illness syndromic surveillance to receive and collect near real-time data from health care providers, including pharmacies, emergency medical services, emergency departments, and/or inpatient hospitals. [15] [16] [17] Agencies can then query these data to find cases of heat-related illness.
Although monitoring heat-related illness through syndromic surveillance has shown some promise in settings around the world, no standard query exists to identify patients with heat-related illness in syndromic surveillance data. [18] [19] [20] [21] [22] [23] Some public health agencies have used predefined syndrome queries from the 2 most popular syndromic surveillance systems: the National Syndromic Surveillance Program BioSense Platform 15 and the Electronic Surveillance System for the Early Notification of Community-Based Epidemics (ESSENCE). 16 The BioSense query uses diagnosis codes and chief complaint search terms, whereas the ESSENCE query uses only chief complaint search terms. 24 Neither the Bio-Sense nor the ESSENCE syndrome query uses exclusion criteria. Many public health agencies have developed their own custom queries for heat-related illness. National standardization of queries for heat-related illness would be beneficial in several ways, including allowing public health agencies to compare data across jurisdictions. 14 The Council of State and Territorial Epidemiologists Climate Change Subcommittee convened a multijurisdictional collaborative Heat Syndrome Workgroup in 2014 to develop a novel standardized query for heat-related illness that would successfully identify heat-related illness patients from emergency department and inpatient hospital data, according to chief complaint terms, diagnostic codes, and exclusion criteria. 24 Our objective in this study was to evaluate this novel syndromic surveillance query for identifying heat-related illness cases in near real time, using emergency department and inpatient hospital data from Maricopa County, Arizona, a region particularly prone to extreme heat. 14 We compared the results through this query with those from the predefined National Syndromic Surveillance Program BioSense query for heat-related illness, hypothesizing that the novel query would have a higher positive predictive value (PPV) for heatrelated illness.
Methods

Setting
Heat-related illness surveillance and response are public health priorities for the Maricopa County Department of Public Health (MCDPH). Arizona's Maricopa County is the fourth-most populous county in the United States. The region has >3.8 million residents, and it hosts approximately 19 million overnight visitors annually. 25, 26 Each year, the region's hot desert climate produces an average of 110 days >100 F. 27 From 2006 to 2013, 632 people died in the county from excessive heat exposure between June and August. 28 Additionally, from 2008 to 2013, 9414 people presented to hospitals in the area with heat-related illnesses. 29 
Data Sources
For this study, MCDPH obtained hospital data from the National Syndromic Surveillance Program BioSense Platform. Participating health care facilities in Arizona began transmitting data to the BioSense Platform in July 2014. By January 1, 2015, 9 of the 33 Maricopa County nonfederal health care facilities were actively transmitting data to the BioSense Platform, and 2 additional facilities began transmitting data on January 19, 2015. As a result, the BioSense Platform captured data from 49% of emergency department visits and 55% of inpatient hospitalizations in Maricopa County in 2015. Compared with the general population in Maricopa County, the BioSense data set for 2015 overrepresented patients who were female, aged >65, African American, and non-Hispanic/non-Latino. 25 We obtained daily maximum and minimum temperatures for Phoenix, Arizona, from the National Weather Service website. 30 To calculate incidence rates per 100 000 population for various patient demographic characteristics, we obtained population data for Maricopa County from the 2010 US Census American FactFinder. 25 Heat-Related Illness Queries MCDPH used 2 queries for heat-related illness to generate lists of patient records. The first was the BioSense built-in, predefined query for heat-related illness called "heat, excessive" (hereinafter, BioSense query), which was obtained through the BioSense Front End Application (Table 1) . 31 The BioSense query included searches for ICD-CM diagnosis and injury codes in the patient emergency department visit or inpatient hospital diagnosis fields, including ICD-CM codes 992 and E900 (ninth revision) and codes T67 and X30 (tenth revision). This query also included searches for heat-related text terms in the patient emergency department visit or inpatient hospital diagnosis and chief complaint fields.
The second was a novel heat-related illness query, which was developed by the Council of State and Territorial Epidemiologists Heat Syndrome Workgroup. Details on query development are available online and in a guidance document published by the Council of State and Territorial Epidemiologists. 24 The novel query expanded the scope of the BioSense query by using the same diagnosis codes but adding more chief complaint inclusion terms. In addition, it included exclusion terms that were intended to eliminate the records of patient encounters that were not likely related to environmental heat exposure, thereby potentially improving the specificity and PPV of the query (Table 1 ). This query was constructed with the BioSense application for building custom queries, phpMyAdmin, which uses MySQL code. Inclusion criteria: ICD-9-CM and ICD-10-CM diagnosis search codes c 992, E900, T67, and X30 Chief complaint text search terms: heat_, d heatcramp, heatex, heatst, heat-exhaust, heat-related, heat-stroke, hypertherm, overheat, "over heat," "sun stroke," sunstr, sun-str, "to hot," "too hot," ([heet OR hot] AND [excessive OR exhaust OR expos OR fatigue OR cramp OR stress OR "in car" OR outside OR prostration]) Exclusion criteria: ICD-9-CM and ICD-10-CM diagnosis search codes e 1992, 6992, E900.1, E9001, and T50.992A Chief complaint text search terms: allerg, "feeling hot," "feels heat," "feels hot," "felt hot," (hot AND sensation), "heat sensation," inflam, (pain AND (limb OR arm OR shoulder OR elbow OR wrist OR hand OR leg OR hip OR groin OR thigh OR knee OR ankle OR foot OR feet), pain AND red, radiat, redness, swell, swollen, surg, "post op," ibuprofen, ibuprophen, alieve, motrin, tylenol, injur, trauma, heat AND ice, heat AND (applied OR tried OR used OR using), "heat pack," "heating pad," (pain AND [back OR neck OR flank]), lumbargo, relief, resolve, relieve, releive, dental, heat AND cold, hot AND cold, oral AND surg, pain AND (jaw OR mouth OR teeth OR tooth), sensitiv AND (heat OR hot), hot AND coff, "hot dog," "hot grease," "hot peppers," "hot tea," "heat ache," heatache, "heat attack," "heat beat," heatbeat, "heat burn" heatburn, "heat flutter," "heat racing," "heat rate," heatrate, heatlh, heath, heatth, "hitting heat," palpitation, cheat, heated, heater, Heather, heating, hotel, lithotr, methotr, photo, psychotic, sheath, sheet, shot, Sunday, theat, wheat, accident, alcohol, burn AND mouth, distress, fever, "gets hot," "heat flash," "hot flash," heat AND rash, hives, hot AND shower, "hot tub," "no heat," oven, suicid 
Producing Line Lists
Epidemiologists at MCDPH used these 2 queries to produce 2 line lists of Maricopa County emergency department and inpatient hospital records for January 1, 2015, through December 31, 2015. The BioSense query produced a line list with de-identified patient records that contained 12 variables, including name of facility; visit date, diagnosis, and chief complaint; and patient age, sex, and ZIP code. 31 The line list generated through the novel query also contained deidentified records, which included the variables in the Bio-Sense query as well as patient medical record number, race, ethnicity, and discharge disposition. Subsequently, we used SAS Enterprise Guide 5.1 to remove any records that met the novel query's exclusion criteria. 32 
Manual Review of Line Lists
Two MCDPH epidemiologists manually reviewed both line lists and examined the chief complaint and diagnosis code fields to categorize each record as representing a "probable," "ruled out," or "undetermined" case of heat-related illness. The 2 reviewers resolved discordant categorizations by discussing the discrepancy and mutually agreeing on a final reclassification. The reviewers categorized records as "probable" rather than "confirmed" because the final diagnoses associated with these records were not available at the time of publication. The reviewers automatically categorized records with 1 of the 4 heat-related illness ICD-CM diagnosis or injury codes as "probable" cases of heat-related illness.
When there was >1 code in the field, the reviewers gave all codes equal consideration regardless of the order in which they were listed. When records did not include 1 of the diagnosis codes for heat-related illness, the epidemiologists used the chief complaint text to categorize the record. To be categorized as "probable," the chief complaint needed to mention symptoms of heat illness AND (patient concern for heat exhaustion; OR report of being "found down"; OR spending time outside/in the heat for work, recreation, or circumstance [eg, broken-down car or homelessness]; OR spending time in a hot vehicle; OR having no air-conditioning). The epidemiologists categorized records as "ruled out" for numerous reasons, including obvious misspellings, larger words that included the letter combinations "heat" or "hot" in them (eg, trichotillomania or gunshot), adverse reactions to a drug, overheating in response to hormone imbalance, and burns from hot asphalt. They categorized records as "undetermined" when they lacked strong evidence for environmental heat exposure but heat-related illness could not be completely ruled out.
Statistical Methods
We calculated descriptive characteristics and incidence rates for each query. 33 We calculated incidence rates using 2010 US Census data and did not include nonresidents. 25 We plotted the frequencies of heat-related illness cases over time with maximum and minimum daily temperatures. We measured the performance of each query by calculating PPV as the total number of "probable" cases of heatrelated illness divided by the total number of possible cases of heat-related illness identified by each query. We determined the performance of each query by calculating PPV for the entire 2015 calendar year, for just the heat season (May 1 through September 30), and for just the cooler seasons (January 1 through April 30 and October 1 through December 31). We used SAS Enterprise Guide 5.1 for all calculations and figure production. 32 County employees in the MCDPH Office of Epidemiology conducted all analyses. MCDPH determined this study to be exempt from institutional review board review because it did not involve human subjects.
Results
Of the 1 021 067 total Maricopa County visits captured in the BioSense Platform in 2015, a total of 791 (0.08%) patient records were identified by the BioSense heatrelated illness query as possible cases of heat-related illness, whereas 674 (0.06%) records were identified by the novel query as possible cases of heat-related illness. The distribution of demographic characteristics was similar in the records resulting from both queries, with most patients being male and aged 18-49 (Table 2) . Among patients identified by the BioSense query, incidence rates of heat-related illness per 100 000 population were highest for adults aged 65 (28.3), but the lack of data from this query about race or ethnicity made it impossible to calculate incidence rates for these characteristics. Among those identified by the novel query, incidence rates of heat-related illness per 100 000 population were highest for patients who were aged 50-64 (24.2), African American (27.8) , and non-Hispanic/ non-Latino (18.4) .
For both queries, the temporal trends of cases of heatrelated illness tracked Maricopa County's heat season (May 1 to September 30). Consequently, the frequency of cases of heat-related illness was low from January through April; increased in May; peaked during June, July, and August; decreased in September; and remained low through December (Figure) .
Among the 791 records retrieved by the BioSense query, 589 (74.4%) were categorized as "probable" cases of heatrelated illness, whereas 186 (23.5%) were categorized as "ruled out" ( Table 3 ). The reviewers ruled out records because they included text with misspellings of "heart" or "head"; about feeling heat and swelling, redness, or pain; about using heat and ice for therapeutic reasons; or about having dental sensitivities to hot and cold. In contrast, of the 674 records retrieved through the novel query, 591 (87.7%) were categorized as "probable" cases of heat-related illness, whereas only 62 (9.2%) were categorized as "ruled out." The records ruled out by the novel query were considered false positives. When we examined these false-positive records, we observed that they contained no common words that could be used as additional exclusion terms. Therefore, we concluded that the Council of State and Territorial Epidemiologists exclusion criteria were sufficient for making this query as specific as possible. Finally, only 16 (2.0%) records from the BioSense query were categorized as "undetermined," and only 21 (3.1%) records from the novel query were categorized as "undetermined."
For all of 2015, the PPV for the BioSense query was 74.4%, whereas the PPV for the novel query was 87.7%. These data took into account that about half of the records produced by each query had a diagnosis code for heat-related illness and therefore were automatically categorized as "probable." More than 80% of the identified records originated in Arizona's heat season, during which the PPV for the BioSense query was 84.5% and the PPV for the novel query was 92.1% (Table 3) . We also applied the exclusion terms noted in Table 1 to the line list generated by the initial BioSense query, which eliminated 335 (42.4%) records from the line list. Among the 456 records that remained in the line list, 426 (93.4%) had been categorized as "probable" cases of heat-related illness, 6 (1.3%) as "undetermined" cases, and 24 (5.3%) as "ruled out" cases. Thus, applying these exclusion criteria to the BioSense query increased the overall PPV of this query from 74.4% to 93.4%.
Discussion
To our knowledge, this heat-related illness syndromic surveillance initiative by a national workgroup is the first to create and evaluate a robust novel query for heat-related illness that combines diagnosis codes, chief complaint terms, and exclusion criteria. Both the BioSense query and the novel query identified hundreds of patients with probable heat-related illness from Maricopa County's emergency department and inpatient hospital records. In addition, both queries had high PPVs. However, the novel query had a higher PPV (88%) than the BioSense query (74%), and it produced a line list with fewer records retrieved in error.
The main difference between the BioSense query and the novel query was the use of exclusion criteria in the latter. The results suggest that the use of exclusion criteria in the novel query may have helped increase the PPV for heat-related illness and eliminate numerous false-positive records. The benefits of these exclusion criteria are further demonstrated by the fact that when exclusion terms were applied to the initial BioSense query, the PPV for heat-related illness improved from 74.4% to 93.4%. Syndromic surveillance is defined by the Centers for Disease Control and Prevention as public health surveillance that emphasizes the use of near real-time prediagnostic data. 34 Indeed, both queries were applied to near real-time prediagnostic data and resulted in high PPVs. These findings are consistent with other studies that showed the value of using real-time health data for syndromic surveillance of heat-related illness. [18] [19] [20] [21] 35 However, with the exception of the New Jersey study, 35 all of these studies relied solely on diagnosis codes to identify cases of heat-related illness. Although diagnosis codes used in both queries in our study identified about half of the cases in each line list, 25% to 35% of the cases of heat-related illness in our study were detected with chief complaint text. Therefore, by using chief complaint search terms, we found many additional cases of heat-related illness in both queries that otherwise may have been missed, confirming the importance of including chief complaint search terms in syndromic surveillance of heat-related illness.
As expected, the frequency of cases of heat-related illness found with either query was substantially higher during Arizona's heat season than during its cooler seasons. In addition, 
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Public Health Reports 132(Supplement 1) syndromic surveillance of heat-related illness via either query resulted in a higher PPV and a lower false-positive rate during the hotter months than during the cooler months. The proportion of false positives resulting from the BioSense query was almost 5 times lower during the heat season than during the cooler season, and the proportion of false positives resulting from the novel query was >6 times lower during the heat season than during the cooler season. These findings are consistent with findings from a study in New Jersey that demonstrated higher sensitivity and PPV for heat-related illness surveillance during heat waves when compared with other times during the summer. 35 Our analysis is the first step in implementing heat-related illness syndromic surveillance in Maricopa County. MCDPH plans to validate the novel query with finalized 2015 hospital discharge data and to modify the query based on sensitivity and specificity calculations. The department will analyze line lists to identify descriptive characteristics of patients with heat-related illness, risk factors for heat-related illness, and clinical outcomes after heat-related illness, which may help target public health interventions toward those most affected by heat-related illness. In addition, current trends will be compared with historical data to identify aberrations and signal critical moments for public health action. 36 
Limitations
This analysis had several limitations, the understanding of which may help guide future studies of heat-related illness syndromic surveillance. First, MCDPH identified "probable" cases of heat-related illness through an unblinded, 2-person manual review of each line list. Classification decisions may have been subject to bias, although we attempted to mitigate potential bias by establishing detailed case definitions for internal consistency. A potentially more accurate way to calculate sensitivity and PPV would have involved validating the queries with final hospital discharge data. However, these data were still not available to MCDPH as of May 2016, and the objective of our study was actually to evaluate the performance of near real-time syndromic surveillance, based on data that were available months before final discharge data could be obtained.
Second, the findings may not be generalizable to the general or patient populations in Maricopa County. Because the BioSense data came from only 11 of the 33 hospitals in the county, the true burden of heat-related illness in Maricopa County may have been underestimated by syndromic surveillance. Nevertheless, syndromic surveillance captured heatrelated illness trend information that was useful for MCDPH. Third, these findings may not be generalizable to other regions of the United States. The novel heat-related illness query performed well for MCDPH during the heat season, but it performed less well during the cooler seasons (although still better than the BioSense query). This finding suggests that heat-related illness syndromic surveillance may be less effective in regions with cooler climates or where heat-related illness is less common, which is particularly relevant given that the incidence of heat-related illness varies throughout the United States by geography and climate. 13, 37 Fourth, because the novel query was based on terms that focused solely on heat exhaustion and heatstroke, the true burden of extreme heat exposure may have been underestimated. It may be difficult to distinguish between patients presenting with exacerbations of other diseases resulting from heat exposure and patients who would have had those exacerbations regardless of the temperature. Given this uncertainty, it may be useful to monitor other conditions (eg, dehydration) during extreme heat events. This approach may increase sensitivity (ie, detect more cases of heat-related illness) but decrease specificity (ie, increase the number of cases of non-heat-related illness). 35 Finally, new bioinformatics technology, such as machine learning programs and natural-language processing, was not available to MCDPH for this analysis. These programs develop algorithms that can be applied to various data sets, allowing records to be accurately categorized. Indeed, research in the field of bioinformatics has demonstrated that the use of machine learning algorithms, natural-language processing, and logistic regression, alone or in combination with free text search, can increase query sensitivity and specificity >90%. [38] [39] [40] [41] Public health agencies could explore the long-term use of these tools and strategies in syndromic surveillance as a way to save time and conserve labor resources. 42, 43 
Conclusion
In Maricopa County, this novel query demonstrated a high PPV for heat-related illness, particularly during the heat season. The performance of this query confirmed that it can be used successfully and may be adapted by public health departments to meet local needs. If public health agencies standardized heat-related illness syndromic surveillance queries, data could be shared among jurisdictions, and situational awareness could be improved nationally. Whether this novel query will become the standard and whether its use in the future would substantially improve public health heatrelated illness prevention outcomes remains to be seen.
